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This thesis  re p re sen ts  an attem pt to evaluate the effects which would 
re su lt  from  the inversion of e lec tr ic  power ta riff  s tru c tu re s . T ariff 
rela tionsh ips a re  p resen tly  based upon both the cost and value of se rv ice .
The unit p rice  fo r e lec tr ic ity  p resen tly  d ec rea se s  as monthly consumption 
in c re ase s .
E lec tric  u tilities  a re  requ ired  to: (1) supply a ll reasonable demands 
for se rv ice  by those who can pay for it, (2) provide serv ice  adequate to the 
needs of cu sto m ers , (3) p rice  such serv ice  a t reasonable ra te s  and without 
unjust d iscrim ina tion .
The demand for e lec tr ic ity  is a segm ent of the demand for energy of 
all types. Growth in the demand for energy has been closely  re la ted  to economic 
growth in genera l. Total annual sa les  of e lec tric ity  have been roughly doubling 
every  ten y ears  since the 1920's.
Unit p rices  of e lec tric ity  experienced a declining trend  until 1970. In 
the late 1960's, e lec tric  u tilities  began asking fo r general ra te  in c rease s , 
which caused the re v e rsa l of th is trend . Proponents of inverted  ra te s  assum e 
that the demand for e lec tric ity  is sufficiently e las tic  to respond noticeably to 
the p rice  charged p er k ilow att-hour. F ac to rs  which affect the e las tic ity  of any 
product include: (1) the p roduct's  cost in re la tio n  to the to ta l fam ily
vii
or business budget; (2) the availability of substitutes; (3) the degree of 
necessity attached to the product; (4) the extent to which the customer realizes 
how much he is paying for a given product or service; (5) the length of time a 
given price has been in effect.
The basic conclusion drawn from this study is that the demand for 
electricity is not sufficiently elastic with respect to price to respond 
appreciably when an inverted rate is applied. The reasons for this conclusion 
are as follows:
(1) The relative amount spent on electricity by both residential and 
industrial users is small.
(2) It is possible to use substitute forms of energy for some uses of 
electricity. These substitute forms of energy are in shorter 
supply than is electricity, however, and the price of substitutes 
is expected to increase faster than is the price of electricity.
(3) Consumers of electricity do not think in terms of cost per 
kilowatt-hour but in terms of dollars spent on electricity per 
month. They have little knowledge about the unit or monthly 
operating cost of various uses of electricity.
Under the circumstances listed above, the inversion of electric tariffs 
appears to have little effect on the consumption of electricity.
viii /
CHAPTER I
PURPOSE AND ORGANIZATION 
Introduction
The purpose of this thesis  is to describe  and analyze the possib le effects 
which would re su lt from  the inversion  of e lec tric  power ra te  s tru c tu re s . 
Inversion is the p rocess of rev e rs in g  ta r if f  schedules of u tility  firm s so that 
cheaper u n it-ra te s  apply to in itia l power usage and m ore expensive u n it-ra tes  
to subsequent u se . The p resen t p rac tice  of u tility  com panies is  to se t p rices  
high enough to cover custom er, fixed, and variab le  costs  incu rred  in the 
delivery  of e lec tric ity  to each custo m er. Because of re la tiv e ly  constant 
custom er co sts , the com panies have sought to reco v er those costs  by charging 
re la tive ly  high ra te s  in the in itia l p a rt of the ta riff , while subsequently low ering 
the u n it-ra te s  for each following block of se rv ice .
Objective of Study
The inversion  of power ra te  s tru c tu re s  has been advocated by some 
eco log ists , co n su m eris ts , and politicians for sev e ra l re a so n s . F ir s t ,  the 
proponents of inversion  believe that the increasing  use of e lec tric  power 
re p re se n ts  a th rea t to our environm ent and natural re so u rc e s . They feel that 
a la rge  segm ent of th is increasing  usage re su lts  from  the frivolous use of
1
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"luxury item s" which a re  not n ecessa ry  to an adequate quality of life and that 
those who consume m ore power for such use should pay proportionately  m ore 
for it  than those who conserve on power.
Second, they feel that such a concept would be a good vehicle for social 
re fo rm s . Proponents feel that the poor should not be forced to pay a higher 
unit ra te  than the affluent who use m ore e lec tric ity  and therefo re  speed 
re so u rce  bankruptcy. Also expressed  has been the idea that higher end-use 
ra te s  would d iscourage industries  from  using many labor saving m achines 
and rep lace  them with human lab o r, thereby reducing unemployment.
With the general public becom ing increasing ly  concerned about our 
environm ent and the social resp o n sib ilities  of business, th is topic w ill continue 
to be explored until a consensus of its  effects is gained by reg u la to rs , su p p lie rs, 
and in te rested  co n su m ers . This study is an effort to contribute some 
understanding of the fac to rs  which m ust be considered before such a p rac tice  
is initiated and to p red ic t what the outcome of ra te  inversion  would be.
L im itations of Study
E lec tric  ra te s  a re  a lm ost always regulated  and a re  therefo re  ra th e r 
s tab le . It is difficult, consequently, to observe any m ajo r changes in power 
use which can be d irec tly  a ttribu ted  to ra te  changes. This precludes the 
determ ination  of a d ire c t quantitative m easu re  of the re la tionsh ip  between 
p rice  and consum ption. G eneral, non-quantitative re la tionsh ips can be 
observed which, during the course  of the study, w ill be used to p red ic t
fu ture price-dem and  re s u lts .
3
Organization of Study
To facilitate an evaluation of the specific results of rate inversion, 
those characteristics of public utility marketing which make it somewhat 
different from the marketing of other goods and services will be discussed. 
Present utility pricing policies will be explained, and tariff structures 
presently in use will be illustrated.
The next chapter contains an analysis of the demand for electricity. 
Energy consumption trends are noted, as are the effects of competition on the 
demand for electricity. Factors affecting the price and income elasticity of 
demand are also discussed.
Contained in the following chapter are examples of attempts at electric 
demand manipulation through changes in the pricing structures of utility 
tariffs. The section also contains an illustration of the possible effects of 
arbitrary tariff step changes on the monthly billing of average large users of 
electricity in New York City.
The final chapter of the study contains a summary and the conclusions 
which have been reached.
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CHARACTERISTICS OF ELECTRIC UTILITY MARKETING 
Public U tility Status
The public u tility  is unlike o ther stock co rp o ra tio n s . It opera tes  as a 
monopoly w ith governm ent approval. Regulation by governm ental bodies has 
been accepted as a substitu te  for regulation through the actions of com petition 
in the m ark e t. This governm ental regulation  achieves the re su lts  of com petition 
by m onitoring the ra te s ,  p ro fits , and serv ice  quality of the u ti l i ty .1
Two reaso n s have been advanced for allowing and encouraging monopoly 
s ta tu s . The f ir s t  rea so n  is  that public u tilities  supply se rv ices  indispensible 
to m odern living. They a re  "affected with the public in te r e s t ." The second is 
tha t public u tilities  a re  na tu ra l m onopolies. Because of th e ir  technical 
c h a ra c te r is tic s , they cannot be operated  with economy o r efficiency unless 
they monopolize the m ark e t.^  D irec t com petition and duplication of fac ilities  
w ill a lm ost certa in ly  lead to bankruptcy o r m e rg e r .^  Even if sev e ra l firm s *2
'''Paul J. G arfield and W allace F . Lovejoy, Public U tility Econom ics 
(Englewood C liffs, N .J . : P ren tice-H all, In c ., 1964), p. 1.
2Jam es C. Bonbright, P rincip les of Public U tility R ates (New York: 
Columbia U niversity  P re ss , 1961), p. 11.
o
C harles F . Phillips, J r . ,  The Econom ics of Regulation (Homewood,
111.: R ichard  D. Irw in, In c ., 1965), p. 22.
4
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were able to exist under these conditions, they would waste resources. 
Reinforcing the natural monopoly concept is the fact that electric utilities have 
historically achieved decreasing average unit costs as output increased. The 
decreasing average unit cost situation is caused by the following five factors:
(1) The heavy investment in fixed assets which is required of 
electric utilities.
(2) The large constant costs which are a function of plant size 
and not of production quantity.
(3) The large utility is more able to take advantage of larger and 
more efficient units of plant made possible by technological 
advancement.
(4) The more diversified demand which usually results if an entire 
market, rather than a partial market, can be served.
(5) The relatively large firm can buy in larger quantities, thus
' decreasing purchasing and other related costs. ^
Rights and Duties of Public Utilities
A public utility's rights and duties have been determined through a long 
series of laws and court decisions.*’ The rights include:
(1) The power to charge a reasonable rate for its service which 
will allow it to collect revenues sufficient to cover all’operating 4
4
Bonbright, Principles of Public Utility Rates, p. 11.
'’Garfield and Lovejoy, Public Utility Economics, pp. 17-18.




expenses, taxes, depreciation, a return on its net valuation 
including debt interest, dividends on capital stock, and a 
contribution to earned surplus.
(2) The granting by public authority of a franchise to serve a specific 
area free from competition from another seller of the same 
service..
(3) The right of eminent domain for the limited purpose of 
acquiring private property or the rights to its use as required 
to serve the public.
(4) The right to operate under reasonable rules and regulations.
The duties include:
(1) The requirement to supply all reasonable demands for service 
by those who can pay for it.
(2) The obligation to provide service adequate to the needs of its 
customers.
(3) The pricing of service at reasonable rates and without unjust 
discrimination.
(4) The prohibition of changing utility service or expansion into a 
new market without prior finding by a regulatory agency that 
such is in the public interest.
(5) The exercise of care to protect the safety of the public.
(6) The securing of approval from public authority before 
termination of service or abandonment of market.
.■ j 4  ■ f





Regulatory Development and Scope 
History of Regulation
Social control and the regulation of private enterprise can be traced 
back to very early times. There is evidence that forms of regulation existed 
in Greek City States and the Roman Empire. Regulation expanded gradually 
through the "just price" standard of St. Augustine and "national economy"
• Q
viewpoint of mercantilism in Sixteenth Century France.
The beginning of public regulation of utilities in the United States was
Qthe Munn v. Illinois7 case which advanced the right of the state to regulate 
those firms "affected with a public interest." Thus began the "legislative 
phase" of utility regulation. Prior to that time, regulation had been attempted 
through lawsuits. This judicial regulation had proven to be unsatisfactory 
because of the cost and delay inherent in such proceedings.^
The Hope Natural Gas*1 case marked the beginning of the "administrative 
phase" of regulation by putting forth the "end result doctrine. " The Supreme 
Court ruled in this case that it would interfere with the decisions of regulatory
7
Martin G. Glaeser, Outlines of Public Utility Economics (New York: 
The Macmillan Company, 1929), pp. 156-58.
8Ibid., pp. 158-60.
9Munnv. Illinois, 94 U.S. 113 (1877).
1(1 Garfield and Lovejoy, Public Utility Economics, p. 27.




agencies only in the case of obvious in ju stice . This ru ling  was a refinem ent of
the notion of "zone of reasonab leness"  theory  of re tu rn  on investm ent which had
1 9been spelled out in a W isconsin telephone ra te  c ase . The low er lim it of such 
a zone is the point a t which confiscation of the property  of a p rivate  company 
would re s u lt .  The upper lim it of the zone is that point at which buyers would 
begin to be exploited and pric ing  p rac tices  lead to monopoly p ro fits .
By 1970, regulation of e lec tric  ra te s  by local franch ise  had been rep laced  
by s ta te  com m ission regulation in a ll but th ree  s ta te s . Some p rac tices  of 
in te rs ta te  gas and e lec tric  u tilities  a re  also review ed by the F ederal Power 
Com m ission.
Rate Regulation Concepts
U tility ta riffs , o r " ra te s "  as they a re  known in the e lec tric  power 
industry , m ust yield requ ired  revenues while m eeting the "just and reasonab le" 
req u irem en t. Rate re la tionsh ips a re  therefo re  based on both the cost and value 
of the s e r v i c e .^  The cost of se rv ice  includes:^4
(1) O perating ex p en ses .
(2) D epreciation expenses.
(3) T axes. 1234
12W isconsin Telephone Co. v . PSCW, 323 W is. 274, 329 (1939).
13Phillips, The Econom ics of R egulation, p. 305.
i4 Garfield and Lovejoy, Public U tility Econom ics, p. 94.
9
(4) A reasonable return on the net valuation as adjudged in the
Bluefield Water Works^ and Smyth v. Am es^ cases.
The Public Service Commissions cannot guarantee a specific rate of
return but can determine the maximum allowable-return.
Although the authors of texts on public utility economics generally
concede the importance of cost, they also contend that the value of service
17principle should be taken into account. The value of service principle
applies to the relative price elasticities of various classes and uses of a
service. Rate discrimination between different classes of customers has
been allowed as the means by which a utility can earn its revenue requirement
18while the constructive utilization of a service is promoted. The Supreme 
Court has stated that:
(1) A rate may be made for individual classes of service.
(2) All classes of service need not have uniform rates,.
(3) The same percentage of profit need not be gathered from 
each kind of service.
^Bluefield Water Works and Improvement Co. v. Pub. Serv. Comm, 
of W. Va., 262 U.S. 679, 692-93 (1923).
16Smyth v. Ames, 169 U.S. 466, 547 (1898).
17Bonbright, Principles of Public Utility Rates, p. 82.






(4) The value of service will be among those factors considered in 
19setting rates.
The most prominent illustrations of value of service principles in 
rates are found in railroad freight tariffs. The same principle guides electric 
and gas rates.
i
Distribution and Pricing Characteristics 
Physical Characteristics of Service
A basic physical characteristic of electricity is that it is impossible to
21store it in significant quantities. The demand for the service fluctuates 
sharply over time and must be met instantaneously. The periodic fluctuations 
follow daily, weekly, and seasonal patterns throughout the year. The capacity 
of generating stations, transmission lines, transformers, and other capital 
equipment must therefore be based on the highest demand expected for that 
particular equipment. In addition, the utility must provide sufficient reserve 
generation capacity in order to assure continuity of service in the event of a 
breakdown.
19Ibid.
^Bonbright, Principles of Public Utility Rates, p. 84.
21H. S. Houthakker, "Electricity Tariffs in Theory and Practice,"
The Economic Journal, LXI, No. 241 (March, 1951), 2.
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Public U tility Cost Categories
As previously m entioned, e lec tric  u tility  ra te s  a re  based on cost and 
value. The cost of providing e lec tric  se rv ice  can be divided into four 
ca tegories as follows:
(1) Energy C osts--w hich  change as the amount of energy generated  
changes. These include such things as fuel, fuel handling, some 
power plant operation and m aintenance charges, and energy lost 
in tran sm issio n .
(2) Demand o r Capacity C osts--w hich depend on the maximum demand 
an ticipated . Included a re  m ost p lan t-re la ted  costs  such as re tu rn  
on ra te  b ase , p rincipal taxes, depreciation acc ru a l, and m ost 
operation and m aintenance ex p en ses .
(3) C ustom er C o sts --a  function of the num ber and kinds of cu sto m ers . 
These include m ete r read ing , accounting, billing, and some 
capital equipm ent.
(4) R esidual C osts--w hich  a re  those which do not belong to any of 
the above ca teg o rie s . These a re  a sm all portion of to tal cost and 
include costs  associated  with m anagem ent.
E lec tric  ta riffs  a re  designed so that the in itia l step  attem pts to reco v er 
the custom er co sts . Demand and res id u a l costs  a re  norm ally  recovered  in 
the f i r s t  few s tep s . Energy costs a re  recovered  la s t . This system  of cost 
recovery  has led to the prevalence of declining block ra te s  in the United S ta te s . 
If only energy costs w ere recovered  in the f i r s t  s tep , a sm all u se r  would
12
possibly  never rem unera te  the u tility  fo r its custom er, dem and, and residual 
costs in cu rred  in serv ing  that custom er. It m ay not mean that the custom er 
would use m ore . He could insta ll sev e ra l m e te rs , each m easuring  e lec tric ity  
used by some of his app liances, and thus reduce his e lec tric  bill while 
consum ing the sam e to tal amount of e lec tric ity . If a ll four categories of costs 
a re  recovered  in the f ir s t  step  of the ra te  schedule, that step  w ill have a 
higher unit cost than the la s t  step , which reco v ers  only energy co sts .
E arly  e lec tric  ta riffs  w ere in the form  of a flat ra te , under which the 
custom er was charged a lump sum for a specific tim e period , such as $5 per 
month, re g a rd le ss  of the extent of use of the se rv ice . Many of these flat 
ra te s  evolved into "stra igh t line m ete r ra te "  schedules which provided serv ice  
a t a constant charge p er m etered  unit such as 6 cents per k ilow att-hour. Both 
flat and stra ig h t line ra te s  a re  used today under special conditions. F la t ra te s  
a re  employed in cases of non-variab le o r easily  predictable uses such as 
autom atic p ro tective night lights and s tre e t  lig h ts . S traight line ra te s  a re  
som etim es used with autom atic in terrup ting  dev ices, such as tim e clocks, 
which prevent appliances, such as w ater h e a te rs , from  operating during 
norm al daily peak h o u rs . The advantage of both of the above ra te  schedules is  
th e ir sim plic ity .
M ost res id en tia l and o ther sm all volume custom ers a re  se rv ed  from  
varia tions of "block m eter ra te "  schedules offering d ecreasing  p rice  per unit 
of energy for succeeding blocks of consum ption. The b ill is calculated by
13
accum ulating the charges for each successive  block o r fraction thereof. This 
type of ta riff  is illu s tra ted  in Table 1.
TABLE 1
BLOCK METER-RATE SCHEDULE
Consumption Q uantities Unit Rate
F ir s t  10 k W h ..................................................... $1.00
Next 40 k W h ............................................................ 4 .5  cents per kWh
Next 50 k W h ............................................................ 4 .0  cents per kWh
Next 100 k W h ........................................................ 3 .0  cents per kWh
E xcess k W h ......................................................... 2 .0  cents per kWh
Minimum c h a rg e - -$1.00 per month
A seldom -used  p red ecesso r of th is type of ta riff  was the "step m eter 
ra te "  schedule illu s tra ted  in Table 2.
TABLE 2
STEP M ETER-RATE SCHEDULE
Consumption Q uantities Unit Rate
If 25 kWh per month o r le ss  a re  u s e d ........................................6 cents per kWh
(for all kWh used)
If from  26 to 100 kWh per month a re  u s e d ...............................5 cents per kWh
(for all kWh used)
If from  101 to 200 kWh per month a re  u s e d ...........................4 cents per kWh
(for a ll kWh used)
If m ore than 200 kWh per month a re  u s e d ...............................3 cents per kWh
(for all kWh used)
14
Under th is system , one p rice  was charged for each unit of energy for the 
en tire  amount consum ed. The cu sto m er's  b ill was determ ined by the p rice  
assigned to the p a rticu la r block in which the total consumption happened to fa ll. 
Because the p rice  decreased  with each successive  block, it was som etim es 
possib le for a custom er to reduce his o v e r-a ll b ill by w asting serv ice  until 
consumption came within the next low er-p riced  block.
A widely used ta riff  for la rg e r  com m ercial and industria l u se rs  is  the 
"Hopkinson Demand R ate" named a fte r its  founder. It is a tw o-part ta riff  
consisting  of sep ara te  charges for maxim um  demand and fo r energy 
consum ption. The total b ill is the sum  of the two ch arg es . Demand, for 
b illing pu rposes, is often m easured  over a fifteen o r th ir ty  m inute period and 
is e ith e r recorded  graphically  o r indicated by a po in ter. The pointer does not 
re tu rn  to zero  a fte r each read ing  but rem ains a t the point of peak demand until 
it is pushed higher by a g re a te r  usage over a like period. This type of ra te  
schedule is  illu s tra ted  in Table 3.
Another ta riff  norm ally  applied to com m ercial and industria l custom ers 
is  the "W right Demand R ate, " a lso  named a fte r its  founder. It d iffers  from  the 
Hopkinson Rate in that sep ara te  demand and energy charges a re  not m ade. The 
W right Demand Rate com bines the two in a blocked energy charge based on the 
num ber of hours th a t the maximum demand is used each month, as calculated 
by dividing the total k ilow att-hours by the maxim um  dem and. Succeeding blocks 







$2.00 p e r kVa . .
$1.75 per kVa . .
$1.50 p er kVa . .
$1.20 per kVa . .
$1.00 p er kVa . .
Energy Charge
2 .50  cents per kWh ...............................  F ir s t  1,000 kWh
2.30 cents p e r kWh ...............................  Next 2,000 kWh
2.00  cents per kWh ...............................  Next 5 ,000 kWh
1.70 cents p e r kWh ...............................  Next 10,000 kWh
1.50 cents per kWh ...............................  Next 20,000 kWh
1.20 cents per kWh ...............................  Next 100,000 kWh
0.90 cents per kWh
Both the Hopkinson and W right schedules re fle c t d ifferences in load 
fac to r so that if a custom er in c rease s  his use without in creasing  his maximum 
demand proportionally , his load fac to r w ill in c rease  and average ra te  d ecrease  
The final type of ta riff  is  known as the "Doherty T h ree -P a rt R ate" 
schedule. It is essen tia lly  a Hopkinson Rate plus a sep ara te  se rv ice  charge
designed to cover the custom er co st. It has not been widely used.
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WRIGHT DEMAND RATE
5.0 cents per kWh for the first 50 hours' use of demand per month
4.0 cents per kWh for the next 100 hours' use of demand per month 
‘ 2.0 cents per kWh for the next 150 hours' use of demand per month
0.9 cents for all energy in excess of 300 hours' use of demand per month
Minimum b ill--$1.00 per kW of demand per month
Tariff Structure Evaluations
Bonbright states that consideration should be given to the following 
criteria when selecting the proper type of tariff for a particular application:
(1) It should have the related attributes of simplicity, 
understandability, public acceptance, and feasibility of 
application.
(2) It should be free from controversy regarding proper 
interpretation.
(3) It should be effective in yielding revenue requirements under 
the fair return standard.
(4) It should produce year-to-year revenue stability.
(5) It should remain stable, with few unexpected changes 
seriously adverse to existing customers.




(7) It should avoid discrimination in rate relationships.
(8) It should contain classes and blocks which discourage wasteful
22use of the service while promoting justified uses.
. Tariff Complexity
As evidenced by the previous description of electric rates in this 
chapter, individual tariffs are complex. Moreover, the goals of these tariffs 
occasionally conflict. Effective revenue procurement can conflict with 
fairness. Revenue stability can conflict with understandability and simplicity.
The complexity of the rates is further compounded by the fact that a 
single utility may offer several block meter rates to residential customers 
depending on their geographic location, the types of electricity-using devices 
(heaters, water heaters, etc.) they possess, and whether they require 
overhead or underground wires to the home. This same utility may offer a 
choice of block meter rates, Wright Demand Rates, or Hopkinson Demand 
Rates. The customer, with the assistance of a utility representative, must 
ultimately decide which rate will be economically best for his application from 
among those offered. The consumer typically does not think in terms of cents 
per kilowatt-hour. He thinks in terms of his normal electric bill in dollars per
month. If the steps of the rate schedule are rearranged but the monthly bill
--------------------------- *
Bonbright, Principles of Public Utility Rates, p. 291.22
- i
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rem ain s  constant, the average e lec tric  consum er w ill probably not notice any 
change.
Until recen tly , many u tilities  have pursued advertising  cam paigns 
based upon illu s tra tin g  the inexpensive nature  of th e ir se rv ice . Slogans, such 
as "e lec tric ity  is penny cheap, " have been widely used. O ther ads have noted 
the num ber of s lices  of b read  which could be toasted  o r the num ber of eggs 
which could be fried  for a penny using average re s id en tia l e lec tric  ra te s .  
Campaign m essages have s tre sse d  the point that a co nsum er's  total e lec tric  
b ill m ight have r ise n  over the y ears  but that the ra te s  have d ecreased . The 
increased  bill has been attribu ted  to the g re a te r  use of m ore e lec tric  
app liances.
A 1971 survey  for one la rge  upper m idw est energy supplier indicated 
that in response  to the question, "Do you feel that the power company that 
se rv es  you takes advantage of its  monopoly by charging unfair p rices  for 
e lec tric ity ?"  23 p e r cent ag reed , 62 per cent d isag reed , and 15 per cent of 
the respondents did not know. 23
The consum er is frequently  unaw are how his e lec tr ic  b ill b reaks 
down by cost elem ents such as lighting, re frig e ra tio n , hot w ater, and a ir  
conditioning. 24 Illu stra tin g  how little  the custom er knows about his e lec tric
^ B a rb a ra  M. Rogoff and Guy H. M iles, "NSP Public Attitude R esearch  
Survey, " North S tar R esearch  and Development Institu te , M inneapolis, 1971, 
p. 38. (M im eographed.)
94TState of New York, D epartm ent of Public Service, Office of Economic 
R esearch , "The Inverted Rate S tru c tu re--A n  A ppraisal, P a rt I--R esid en tia l 
U sag e ,"  1972, p. 16. (M im eographed.)
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billing  and use is  a special survey  conducted for Consolidated Edison Company
of New York in 1968, which indicated that little  d ifference existed in the
p a tte rn s  of consumption between tenants who paid th e ir own e lec tr ic  b ills  and
2Sthose who had u tilities  included in th e ir  ren t.
Some e lec tric  u tilities  have published inform ation pieces indicating 
norm al operating  costs  per hour, month, o r year of individual appliance 
operation in o rd e r to furn ish  the consum er som e operating  cost inform ation.
D ifferentia l Pricing
R egulatory com m issions have prohibited the re s a le  of e lec tric  energy 
from  one custom er to another to prevent fu rth e r confusion and the possib ility  
of unregulated p ro fiteering . This prohibition has, how ever, allowed the 
d is trib u to r to levy charges not exactly proportional to consum ption. 26 
Consequently, u tility  firm s em ploy d ifferen tia l pric ing  sy stem s.
Under a  system  of d ifferen tia l p ric ing , re la tiv e ly  homogeneous 
custom er c la sses  a re  estab lished , and a d ifferen t ra te  schedule is  applied to 
each c la s s . All custom ers within a given c lass  m ust have the sam e ra te  
schedule available to them . Common c lass  groups a re  re s id en tia l, com m ercial, 
in d u stria l, ru ra l  o r  fa rm , s tre e t  lighting, and other u ses .
OC
^Audits and Survey, I n c . , Appliance Ownership and E lec tric ity  
A w areness, May, 1969; An Evaluation of Specific F ac to rs  Influencing E lec tric  
Power Usage, June, 1967; as m entioned in State of New York, "The Inverted 
Rate S tructu re--A n  A ppraisal, P a rt I--R esid en tia l U sage ,"  p. 16.
^ H o u th ak k e r, "E lec tric ity  T ariffs  in Theory and P ra c tic e ,"  p. 2.
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Subgroups a re  often m ade, based upon geographic location an d /o r 
population density . N orm al c lassification  is based on the size  o r amount of 
to tal usage expected and the purpose to which the se rv ice  is devoted. ^
The system  of d ifferen tia l p ric ing  has been justified  by both utility  
industry  and regu la to ry  com m ission ra te  sp ec ia lis ts  on the basis  that demand 
d ifferences, se rv ice  d ifferences, and cost d ifferences ex ist between custom ers 
and groups of cu sto m ers . Value d ifferences a lso  ex ist. Some uses of e lec tric  
se rv ice  have b e tte r substitu tes than o th e rs . A gas d ry e r can substitu te  for 
an e lec tr ic  d ry e r in m any c a se s . T here  is no good substitu te  for an e lec tric  
clothes w asher.
The objectives of a d ifferen tia l p ric ing  policy a re  to:
(1) E arn  the revenue authorized by the regu la to ry  com m ission.
(2) Prom ote sa les  to m axim ize u tilization  of plant capacity  and 
thereby reduce average unit costs  of supplying a ll se rv ice .
(3) Charge m ore heavily those custom ers who c rea te  peak dem ands, 
in o rd e r to encourage them to shift to off-peak u s e .* 28
The second of these objectives is p resen tly  being questioned by those 
fearing  ecological dam age and re so u rce  depletion.
D ifferential p ric ing  based on value has been condoned by regu la to ry  
com m issions as indicated in an ea rly  na tu ra l gas case :
^ G a r f ie ld  and Lovejoy, Public U tility E conom ics, p. 137.
28Ib id ., p. 23.
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To justify the separate classification of any utility service there must 
be something different about that particular service which makes it different 
from any other service which that utility furnishes to the public.
The essential fact which makes the respondents' space heating service 
different . . . , and thus justifies separate classification . . . , is the 
simple fact that gas used for space heating is not worth as much as gas 
which is used for other purposes for which respondents' other consumers 
make of the gas.
The difference is value between gas for space heating and the same 
gas for other uses furnishes the logical basis for the separate classification 
for respondents', space heating services because of the fundamental principle 
of rate making that reasonable utility rates cannot result in charges for any 
utility service which are more than such service is worth to the customer. 
This principle was established in "Smyth v. Ames" (1898) . . . .^9
The possible ranges of the rate differential is illustrated by the Wisconsin 
Public Service Commission, which spelled out the range within which a gas rate 
for space heating purpose should fall:
It is clear that the rates . . . permit a recovery not only of the 
incremental expense incident to respondents' space heating services, but 
also some portion of the remainder of the total operating and other expenses 
comprising the total costs of furnishing respondents' services in their 
entirety. We think that this is not only proper, but that rates for such . . . 
service should be designed to recover as much of such remainder of costs 
as it is possible within the limitation of the value of such services . . . .
Just as the incremental cost of the space heating services of 
respondents serves as a criterion (although not the measure) of the 
minimum level of rates that could lawfully be prescribed for such 
services, so their the space heating services value is both a criterion 
and a measure of the maximum level of rates that can reasonably be 
prescribed for the same services . . . . ^
The New York Public Service Commission has also stated:
vA
. . .  In making rates, consideration must be given to both the cost 
of service and its value . . . .  As a measure of rates, value of service 2930
29Re Milwaukee Gas Light Co., et al . , 51 PUR (NS) 299, 306, 307




alone is an elusive standard  and not sa tisfac to ry  as a yardstick  . . . .  
N either is  cost of se rv ice  a p roper m easure  standing alone . . . .
As a re su lt  of these d ifferen tia l ra te s ,  average p rice  per kilow att-hour
drops as consum ption of e lec tric ity  in c re a se s , thus benefiting the sm all u se rs
of res id en tia l se rv ice  with the m ore highly e las tic  d em an d s .33
The unit co st of serv ing  a sm alle r custom er is norm ally  higher than
oo
that of a la rg e  u se r . It has been rep o rted  by one u tility  that essen tia lly  the 
sam e fac ilitie s  w ere used to serve  an e lec tr ic  heat custom er who used 25,000 
kilow att-hours p e r year as the average custom er who used only 5 ,0 0 0 .3^
In addition to cost d ifferences, sm all res id en tia l custom ers as a c lass
Q C
place a higher value on th e ir  serv ice  than do la rge  industria l cu sto m ers .
Large industria l custom ers place a ceiling  on the value of e lec tric ity  based on 
th e ir  estim ated  costs  of se lf generation and in ternal d is trib u tio n s . This option 
is ra th e r rem ote  in the case of re s id en tia l c u s to m ers .
A lternative Sources of E lec tric ity
In addition to the self-genera tion  a lte rn a tiv e , the possib ility  a lso  ex ists  
that a la rg e  firm  could re locate  in a d ifferent p a rt of the country in o rd e r to
31Re New York Telephone C o ., PUR 1930C, 325, 367.
3“John Pike, "R esidential E lec tric  Rates and Reguations, " The 
Q uarterly  Review of Econom ics and B usiness, VII, No. 2 (Summer, 1967), 47.
33Ibid .
3^John H. K. Shannahan, "Should E lec tric  U tilities Stop M arketing?" 
Public U tilities F ortn igh tly , LXXXVII, No. 8 (April 15, 1971), 16.
9 C
00Garfield and Lovejoy, Public U tilities Econom ics, p. 150.
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escape high power costs. This alternative seems unlikely unless power costs 
are a major cost of doing business. Most plant locations are based more 
upon such factors as nearness to market, availability of raw materials, and 
availability and cost of labor. Small users are tied down more than are large 
users, however.
Geographic Distinctions
The location of a consumer's residence can have a great bearing on his 
ownership of electric appliances and therefore on his use of electricity. An 
analysis of the 1970 Census of Housing indicates that the per capita ownership 
of air conditioners in Arizona and Florida is much greater than in North 
Dakota.
Another location factor is the urban-rural lifestyle difference. Food 
freezers and laundry equipment may not be a necessity in a large city where 
supermarkets and laundromats or apartment coin-operated laundries exist. 
These facilities are not convenient to rural housewives, who must do their 
laundry at home. With our modern lifestyle, the food is kept frozen 
somewhere, and the clothes are washed somewhere. This is locational 
replacement and not an abstention from washing clothes or eating convenience 
foods. In North Dakota, customers of stockholder-owned utilities consisting 
almost exclusively of town dwellers average 530 kilowatt-hours o'f use per 
month. Customers of Rural Electric Cooperatives, consisting almost
24
exclusively of ru ra l- a re a  dw ellers, average 805 kilow att-hours of use per 
m on th .36
Sum m ary
This chapter re la ted  the unique c h a rac te ris tic s  of public u tilities  and 
the m anner in which those c h a rac te ris tic s  affect u tility  m arketing . U tilities 
have been allowed monopoly status because they provide an indispensible 
se rv ice  and operate  with g re a te r  efficiency as m onopolies. The rig h ts  and 
duties of public u tilit ie s , determ ined  through a long s e r ie s  of laws and court 
decisions, w ere lis te d . A capsule h is to ry  of the regulation by governm ental 
bodies which substitu tes for com petition in the case  of public u tilities  was 
p resen ted .
U tility ta riffs , o r " ra te s , " a re  req u ired  by law to be "just and 
re a so n a b le ." Such ta riffs  a re  based upon both the cost and value of se rv ice . 
C rite ria  norm ally  used to evaluate the fa irn ess  and effectiveness of individual 
ta riffs  w ere lis ted . Because ta riffs  a re  com plex, and all se rv ice  norm ally  
passes through one m e te r, custom ers a re  unaware how th e ir bill b reaks down 
by such cost elem ents as lighting, a ir  conditioning, re frig e ra tio n , and o ther 
u s e s . The custom er views his e lec tric ity  purchases in te rm s  of d o lla rs  per 
month per m etered  use.
3oState of North Dakota, Public Service C om m ission, "Com parison of 
Rate Schedules for E lec tric  Service to Small Town North Dakota R esidential 
C ustom ers, " 1973, p. 2. (M im eographed.)
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Utilities employ systems of differential pricing. These systems have 
been justified on the basis that demand differences, service differences, and 
cost differences exist between customers and groups of customers.
CHAPTER III
CONSUMPTION AND COMPETITION: AN ANALYSIS OF 
THE DEMAND FOR ELECTRICITY
Energy Consumption Trends
The demand for electricity is a segment of the demand for energy of 
all types. Growth in energy demand has been closely related to economic 
growth in general, playing a major role in contributing to the material well­
being of mankind.1 During the period from 1880-1920, the United States 
Gross National Product (GNP) grew at an annual rate of 3.4 per cent while 
energy consumption grew at an annual rate of 5.6 per cent. During the 
following forty years, energy consumption growth fell below Gross National 
Product growth, annual energy growth averaging 2.1 per cent and GNP growth 
3.2 per cent. This relatively slower growth of energy consumption has been 
attributed to the rapid rise in electrification, which increased the efficiency of 
factory operations formerly dependent on the limitations of plant layout
■'■Joel Darmstadter, "Energy Consumption: Trends and Patterns, " in 
Energy, Economic Growth, and the Environment, ed. by Sam H. Schurr 
(Baltimore: Johns Hopkins University Press, 1972), p. 168.
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imposed by the coal-buring factory steam engine.- Energy consumption per 
dollar of GN? continued to decrease from 1960 to 1965, at which time a sharp 
reversal occurred. Between 1965 and 1970, energy consumption increased by 
5 per cent annually while GNP rose by 3.2 per cent. Much of this reversal 
has been attributed to the fact that the historical increase in the efficiency of
O
electric generation ceased at that time. Subsequent increases in electric 
usage, therefore, brought increases in electric conversion losses. The 
stepped-up use of energy for transportation also contributed to the reversal 
of the trend. The remaining influence on trend reversal has been attributed 
to many minor causes.
In 1970, the United States consumption of energy resources, in terms 
of heat contained, amounted to 69 quadrillion British thermal units. This was 
composed of approximately 20 per cent coal (used mainly in the generation of 
electricity), 33 per cent natural gas, 43 per cent petroleum, and 4 per cent
A
hydro and nuclear energy.
Changes in Consumption of Primary Energy Sources
Coal was the dominant energy source In household, industry, transport, 
and commerce markets well into the 1920's. Petroleum, spurred by the 
growth of automobile transport, subsequently began to challenge coal's position.
%bid., p. 169.
3Ibid., p. 171.
%)armstadter, "Energy Consumption: Trends and Patterns, "_p. 159.
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Oil and gas, while not immediately displaying direct cost advantages over coal 
when they became available, offered numerous attributes of convenience, 
transportability, and combustibility that frequently tended to compensate for 
a higher price.^ Coal maintained a greater than 50 per cent share of energy 
consumption until after World War II because of its grip on electric generation, 
space heating, and steam locomotive uses.
Since 1950, natural gas has made rapid gains at the expense of coal, 
with an average growth rate of over 7 per cent. Natural gas growth has 
occurred mainly in the area of household and commercial consumption, 
accounting for over 50 per cent of household and commercial consumption in 
1970. This energy is used mainly for comfort heating.  ̂ By 1970, the use of 
coal had virtually disappeared from the household and commercial sector 
except for its indirect impact through the generation of electricity.
The Role of Electricity in Energy Consumption Trends 
Sales and Revenue Shares by Type of Customer
In Table 5 it is indicated that total United States kilowatt-hour sales 
of electricity to all classes of customers have more than doubled since 1960. 
The share of total sales to the residential class has remained relatively 
stable. The commercial sector of the economy, which is reflected to a large 




a somewhat larger share at the relative expense of the industrial sector, which 
normally comprises the bulk of the large light and power category. 1 Growth 
in total electric sales has been due to increased consumption by all classes of 
users.
TABLE 5
ELECTRIC SALES BY YEAR AND CLASS OF SERVICE 













1970 1,391,359 32.2 22.5 41.2 4.1
1969 1,307,178 31.2 21.9 42.6 4.3
1965 953,414 29.5 21.2 45.4 3.9
1960 683,199 28.7 16.8 50.5 4.0
Source: Edison Electric Institute, Statistical Yearbook, 1970,
(New York: Edison Electric Institute, 1971), pp. 43-44.
The production of electricity has assumed a steadily increasing share of 
total energy resources, rising from 8 per cent in 1920 to 25 per cent in 1970.
It has achieved an annual average growth rate of 7 per cent, a pace greater than 
total energy consumption, Gross National Product, or population growth. It has
Darmstadter, "Energy Consumption: Trends and Patterns, " p. 172.7
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been estimated that one-fifth of total electricity growth is due to population 
increases and 80 per cent to growing levels of per capita consumption.^
The general trend of unit cost by customer class since 1955 is shown 
in Table 6.
TABLE 6
AVERAGE REVENUES PER KILOWATT-HOUR SOLD: TOTAL 

















1970 2.100 2.010 0.950 3.380 1.200 1.490
1969 2.09 1.99 0.91 3.25 1.16 1.39
1968 2.12 2.00 0.90 3.18 1.18 1.35
1965 2.25 2.13 0.90 2.99 1.34 1.31
1960 2.47 2.46 0.97 3.18 1.49 1.31
1955 2.65 2.50 0.94 3.05 1.42 1.15
Source: Edison Electric Institute, Statistical Yearbook, 1970, 
p. 53.
Unit costs for the three major categories experienced a decreasing 
trend before 1970. In the late 1960's, utilities began asking for general rate 8
8Ibid., p. 160.
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increases, which is reflected in increased 1970 average revenues. As of 1973, 
this trend is expected to continue.
Commercial and Industrial Consumption of Electricity-
Data published by individual utilities and the Edison Electric Institute 
are not separated by commercial-industrial categories but by size of 
customer, as mentioned above. In the small light and power (commercial)
Qcategory, electricity is used principally for lighting and air conditioning. 
Lighting levels in stores, offices, and restaurants increased gradually from 
1920 to 1970. Air conditioning has become a necessity in order to remove the 
heat of the light fixtures from many buildings. Less use of air conditioning 
would be possible if some lights could be turned off during hot periods, but it 
would be unrealistic to expect commercial establishments to abandon air 
conditioning and high lighting levels altogether. Retail stores would lose 
customers without air conditioning. Without air conditioning, office buildings 
would lose tenants. Data processing equipment requires close temperature 
and humidity tolerances to prevent malfunction.
The increased use of electricity in the industrial sector has closely 
paralleled the growth of technology and the economy. For most industrial 
firms, the cost of electricity accounts for only a small part of the total value 
of product. Table 7 contains ratios of cost of purchased power to value of 
product by three-digit Standard Industrial Classification.
^Abraham Gerber, "Energy Growth and the Environment, " Public 
Utilities Fortnightly, LXXXIX, No. 12 (June 8, 1972), 71.
32
TABLE 7

















20 Food and kindred products 1.30$ 0.319 0.41
21 Tobacco manufactures 1.07 0.173 0.19
22 Textile mill products 0.88 1.050 0.93
23 Apparel, other textile products 1.86 0.169 0.32
24 Lumber and wood products 1.22 0.712 0.87
25 Furniture and fixtures 1.50 0.325 0.49
26 Paper and allied products 0.81 2.340 1.90
27 Printing and publishing 1.51 0.268 0.41
28 Chemicals and allied products 0.61 2.771 1.69
29 Petroleum and coal products 0.74 1.011 0.75
30 Rubber and plastics products 1.15 0.844 0.97
31 Leather and leather products 1.60 0.258 0.41
32 Stone, clay, and glass products 1.02 1.441 1.47
33 Primary metal products 0.63 .2.822 1.79
34 Fabricated metal products 1.41 0.428 0.60
35 Machinery, except electrical 1.30 0.356 0.46
36 Electrical equipment and supplies 1.05 0.443 0.47
37 Transportation equipment 1.01 0.344 0.35
38
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Instruments and related products 
Miscellaneous manufacturing industries
1.37 0.311 0.43
19 Ordnance and accessories 1.17 0.374 0.44
Source: Edison Electric Institute, "Per Cent Costs of Purchased 
Power to Value of Product, Purchased Power Cost Per 
Kilowatt-Hour, and Purchased Power Kilowatt-Hours Per 
Dollar of Product from 1967 Census of Manufactures," 
October, 1971. (Mimeographed.)
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Electricity used in industrial plants has a fixed and a variable 
component. ^  Electricity used for lighting and space heating does not vary 
appreciably with plant output. Electric power used to run machines, operate 
electro-chemical processes, or processes requiring heating does vary with 
output. Lower cost power substitutes for electricity in production processes 
are often either unavailable or involve very expensive changes in capital 
equipment.* 11 12 Self generation is a possibility and will be discussed in a 
subsequent section.
Fisher and Kaysen believe that the continued growth of industrial
electric consumption at rates higher than the growth of GNP will depend
12heavily on continuing innovation. A study of industrial electric consumption 
in England has suggested that:
Technological change may be such as to lead to innovations which 
are based on the use of electricity and which induce substitution against 
other fuels and labor. This need not be accompanied by favorable price 
movements, since it is clearly possible for significant increases in 
efficiency to outweigh neutral or adverse relative price changes. ^
■^Franklin M. Fisher and Carl Kaysen, A Study in Econometrics: 
The Demand for Electricity in the United States (Amsterdam: North Holland 




R. E. Baxter and R. Rees, "Analysis of the Industrial Demand for 
Electricity," The Economic Journal, LXXVIII, No. 310 flune, 1968), 279.
V
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Residential Consumption of Electricity 
As evidenced by Table 5, total residential kWh consumption has been 
doubling every ten years. The study by Fisher and Kaysen revealed that 
residential consumption of electricity is affected by the stock of electricity­
using appliances in the home. Table 8 contains the saturation levels of major 
residential appliances in the United States in 1960, 1965, and 1970.
The incidence of such large kilowatt-hour using appliances as air 
conditioning, clothes dryers, and dishwashers has increased markedly. Data 
from the 1970 Census of Housing, Metropolitan Housing Characteristics, 
representing over 93 per cent of all housing units, indicate that home 
ownership appears to be a factor in the ownership of clothes dryers and food 
freezers but does not appear to be a factor in air conditioning ownership. 
Apartments may be too small to contain individual clothes dryers and 
freezers. Clothes could still be dried in an apartment laundry room and 
lockers rented in cold storage buildings by apartment dwellers, however.
The incidence of air conditioning in rental units indicates that apartment 
dwellers consider them as much a necessity as do home owners. The same 
census data indicate that ownership of all three of the above appliances 
increases with income. The saturation level of air conditioners can therefore 
be expected to increase as the discretionary income of consumers increases.
I
The saturation levels of major appliances other than air conditioning appears 
to be more dependent on the number and ratio of single family homes built.
A study of consumer expenditures reported that average United States 
families spent less than 2 per cent of family income after taxes on electricity
SATURATION LEVELS OF MAJOR RESIDENTIAL APPLIANCES 




Per Cent of Wired Homes with 
Selected Appliance
1970 1965 1960
Air conditioners, room 36.7 20.2 12.8
Bed coverings 47.5 32.4 21.3
Blenders 31.7 11.0 7.5
Coffeemakers 86.4 68.5 53.4
Dishwashers 23.7 11.8 6.3
Disposers, food waste 22.9 13.5 9.5
Dryers, clothes
n  T 41<8 T 24. 2 E U ' 9 T 17.1G 12.4 G 5.2
Freezers, home 29.6 26.7 22.1
Frypans 55.2 49.0 40.7
Hotplates and buffet ranges 24.1 22.5 23.9
Irons:
Total 99.5 98.3 88.6
Steam and steam/spray 87.1 73.9 55.7
Mixers 81.7 70.4 53.4
Radios 99.7 97.9 96.1
Ranges: jrIf,
Free-standing 38.3 31.9 30.3
Built-in 14.4 9.5 5.3
Refrigerators 99.8 99.3 98.0
Television:
Black and white 98.7 94.1 89.9
Color 38.2 5.1 --
Toasters 91.0 81.1 70.4
Vacuum cleaners 90.7 81.2 72.5
Washers, clothes 91.9 86.9 83.1
Water heaters E 25.4 E 23.2 E 20.4
G 55.0 G 47.6
Note: E--electric; G--gas; T--total.
Source: Billboard Publications, Inc.; Merchandising Week, annual 
statistical issues; 1970 Census of Housing, p. 1-254; and 
1960 Census of Housing, p. 1-28.
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in 1950. In spite of the increasing use of electricity by residential consumers 
rising incomes and decreasing unit costs of electricity have maintained 
electricity expenditures near that same percentage of after-tax income every 
year since. ^
As mentioned previously, the extent of the saturation of major 
appliances increased during the 1960's. Little data are presently available on 
the extent of saturation of minor appliances. This omission is relatively 
unimportant as the annual kWh consumption of such minor appliances as 
electric toothbrushes, hairdryers, and floor polishers, among others, is 
very small in relation to the major appliances.
The way in which the 195 billion kWh of residential electricity purchases 
in 1960 were apportioned among different household uses appears in Table 9.
Eight identifiable sources of demand for electricity in the home 
accounted for 90 per cent of residential consumption in 1960. . Minor "frivolous" 
household gadgets, therefore, did not contribute greatly to consumption of 
electricity in 1960, as the "all other" category also included clothes washers, 
radio-phonographs, irons, toasters, and grills.
In order to account for the over 200 billion kWh growth since 1960, 
Darmstadter made a number of calculations based on 1969 appliance saturations 145
14U .S ., Department of Labor, Bureau of Labor Statistics,' Study of 
Consumer Expenditures, Incomes and Savings, Vol. XIII (Philadelphia: 
University of Pennsylvania Wharton School of Finance and Commerce, 1957),
pp. 10-12.
15 ’H. S. Houthakker and Lester D. Taylor, Consumer Demand in the
United States, 1929-1970, Analyses and Projections (Cambridge, Mass.:




1960 SHARE OF UNITED STATES RESIDENTIAL ELECTRIC 
CONSUMPTION BY SPECIFIC USE
Type of Use Billion kWh Per Cent of Total
Lighting 43 22
Ranges 21 11
Water heaters 45 23
Air conditioners 8 4
Space heating 12 6
Refrigerators and TV sets 28 14
Home freezers 9 5
Clothes dryers 9 5
All other 20 10
Total 195 100
Source: Hans H. Landsberg, Leonard L. Fischman, and Joseph L. 
Fisher, Resources in America's Future: Patterns of 
Requirements and Availabilities, 1960-2000 (Baltimore:
Johns Hopkins University Press, 1963), Chapter 10 
Appendix. As mentioned in Darmstadter, "Energy 
Consumption: Trends and Patterns," p. 173.
and annual kWh average usages of various appliances. ^  He calculated that
roughly 32 billion kWh (16 per cent) of total incremental growth was due to air
conditioning alone. Another 12 per cent of the incremental growth came from
the installation of electric heat, mainly in new homes. In 1969, therefore, air .








Competition in Energy Marketing
Because electric and natural gas utilities have acquired territorial 
monopolies, some people feel that no competition exists in those fields.
Viewed as segments of the energy supply industry, however, utilities can be 
analyzed in a different light. When confronted with an energy choice situation, 
a prospective user .may be able to choose from among several courses of 
action. Among these courses of action are:
(1) Product or process substitution: A choice among appliances or 
among industrial equipment (fork lift trucks, infra-red ovens, 
vapor degreasers, etc.) which could use electricity, natural
gas, or other petroleum products as the energy source.
\
(2) Make or buy decisions: Whether to generate power or buy it 
from a utility.
(3) Relocation: Whether or not to locate a residence or industrial 
plant in an area of lower energy costs if such an area is available 
for location.
(4) Labor substitution: Whether to substitute hand labor for electro-
V", . ; ' ] •'
motive power.
(5) Establish priorities for use of resources: Only so many dollars
are available to potential customers. A homeowner may have to*
decide whether to buy a color television or take a trip to the 
mountains. A corporate executive may have to decide whether to 
purchase another punch press, another delivery truck, or pay a 
higher dividend.
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Energy Competition in the Industrial Sector 
Just as electricity was a substitute for coal in the 1920's and 1930’s, 
natural gas and oil are now substitutes for both coal and electricity. Oil, 
natural gas, and electricity compete for the opportunity to supply energy to 
most industrial heating processes. It is also possible to install machinery 
powered by engines driven by oil or gas. Self generation is a possibility, 
although it is less feasible than purchased energy if the plant in question 
contains equipment requiring close voltage tolerances or constant frequency. 
Most self-generation equipment depends on either natural gas or oil, both of 
which were subject to possible future shortages and price increases during 
the early 1970's.
Energy Competition in the Residential Sector 
During the 1950's, the competition between natural gas and electricity 
centered on a few appliances, including ranges, water heaters, dryers, and 
refrigerators. The refrigeration competition ended when Servel, the only 
manufacturer of gas refrigerators, withdrew from the refrigerator business 
during the 1960's. Range and water heater competition still exists. Many 
electric utilities have remained competitive in the water heating market by 
introducing special rates for customers with electric water heaters. ^  17
17Irwin M. Stelzer and Bruce C. Netschert, "Hot War in the Energy 
Industry, ” Harvard Business Review, XLV, No. 6 (November-December, 
1967), 15.
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Natural gas utilities stepped up the promotion of gas air conditioning in 
the late 1950's but had not achieved significant success in the residential sector 
by 1970.
Electric utilities began aggressive nationwide competition for the 
residential and commercial space heating market in the late 1950's. Before 
that time, electric.space heating had been virtually unheard of other them in 
the far southern and northwestern sections of the country. The campaign to 
promote residential electric space heating has featured attempts to persuade 
prospects to upgrade the insulating capability of the home. Special competitive 
rates are also often available to adopters of electric heat.
Natural gas had become dominant in the space heating field by 1970, 
serving the space heating needs of over 55 per cent of all United States 
residences. Gas has seen the cooking market share lead (51 per cent to 31 per 
cent) which it held in 1960 eroded to a 49 per cent to 41 per cent lead in 1970, 
as the majority of new homes featured electric ranges. Gas water heating has 
been dominant, holding a 48 per cent to 20 per cent share of market lead in 
1960 and a 55 per cent to 25 per cent lead over electric in 1970. There are 
some areas where piped natural gas is not available and in which electric water 
heating is dominant, but these areas are constantly shrinking. Electric clothes  ̂
dryers led gas dryers 12 per cent to 5 per cent in the 1960 share of market and
I Q
again 29 per cent to 12 per cent in 1970. 18
18U.S . , Department of Commerce, Bureau of the Census,* Eighteenth 
Census of the United States, I960: Housing, I, p. 1-28; and Nineteenth Census 
of the United States, 1970; Housing, I, p. 1-254.
}.*
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Much residential energy competition is centered on the new home
market. Decisions as to the type of energy to be employed on such major
uses as heating, central air conditioning, water heating, and built-in ranges
are most commonly made at the time a home is constructed. Energy
marketers consider the new home market important because the average life
of major appliances runs from eight to twelve years, and the homeowner is
unlikely to switch from one fuel to another before the appliance wears out. ^
The energy choice decision on the above appliances is often made not by the
homeowner or renter but by the builder or developer in advance of the sale or
rental of the residence. In this case, it is likely that the builder, within
limits, is less concerned with the ultimate operating costs of the appliances
20than he is with the installed costs. When the appliance does wear out, it is
normally cheaper to replace it with one of like fuel than to spend the extra
amount to wire or pipe another energy to its location. Because of the large
capital investment required, the self-generation concept has not readily lent
21itself to the residential market. *20
■^Phillips, The Economics of Regulation, p. 30.
20 State of New York, "The Inverted Rate Structure--An Appraisal, 
Part I--Residential Usage, " p. 15.
Stelzer and Netschert, "Hot War in the Energy Industry, " p. 16.21
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Several s tud ies, including those of F ish e r and Kaysen, W ilson, and
22the New York Public Service Com m ission, have noted the possib ility  of 
varying deg rees of long-range price  e las tic ity  of demand for specific uses 
of e lec tric ity . These possib le e la s tic itie s  have a ll been associated  with the 
possib le substitution of na tu ra l gas o r  oil for e lec tr ic  energy in the case of 
specific u ses . These studies assum ed possib le fu ture e lec tr ic  p rice  in c reases  
re la tiv e  to oil and natu ra l gas. Since these stud ies, the fo recast for the oil 
and n a tu ra l gas industries  is  for possib le product shortages in the mid and late 
1970's. M assive p rice  in c rease s  have been predicted  for coal, o il, and natural 
gas by John G. M cLean, Chairm an and Chief Executive O fficer of Continental 
Oil C om pany.* 22 *
Coal re s e rv e s  in 1972 w ere estim ated  to be capable of satisfy ing  energy 
requ irem en ts  for m ore than 300 y ears  at p resen t consumption ra te s .  This 
amounted to over five tim es the known oil and gas re s e rv e s  in 1972.24 Coal 
re s e rv e s  ind irec tly  re fle c t on the re s e rv e s  of e lec tric ity  because, as noted 
p reviously , e lec tr ic  generation re p re se n ts  the la rg e s t use of coal. McLean
22 F ish e r and Kaysen, A Study in E co n om etrics: The Demand for 
E lec tric ity  in the United S ta te s ; John W. W ilson, "R esidential Demand for 
E lec tric ity , " The Q uarterly  Review of Econom ics and B usiness, XI, No. 1
(Spring, 1971), 8; and State of New York, "The Inverted Rate S tru c tu re -- 
An A ppraisal, P art I--R esid en tia l Usage, ” p. 14.
22John G. M cLean, "Energy & A m erica, Understanding the P rob lem s,
Looking fo r A nsw ers, " M inneapolis T ribune , November 29, 1972, p. 9.
24Ibid.
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sees  various fo rm s of nuclear energy and m ore efficient use of so la r energy 
as allev iating  the d ra in  on o ther energy re so u rce s  long before coal re s e rv e s  
a re  c o n su m e d .^  Much of the problem  cen te rs  not on the total supply of the 
energy sources available but on th e ir location, which countries control these 
so u rces , and the economic feasib ility  of th e ir reco v ery . Coal, although in 
g rea t supply, w ill be obtained m ore and m ore through s tr ip  m ining o r deep 
underground m ining. S trip  m ining can have serio u s  ecological effects unless 
a costly  effort is made to c losely  re s to re  the affected a re a  to its  o rig inal 
s ta te .
D om estic oil production is p ro jec ted  to show little  net change through
the 1 9 8 0 ' s . “ 6 The United States w ill thus become increasing ly  dependent upon
middle eas t co un tries, p a rticu la rly  Saudi A rabia and Iran , for supply as the
total demand for energy grow s. Oil company executives have exp ressed
re luc tance  to re ly  on those countries for a m ajor portion of crude oil 
27re q u ire m e n ts .
D om estic production of na tu ra l gas has been pro jected  to d ecrease  
about one-th ird  between 1972 and 1987. Increased  re lian ce  on im p o rts , 
liquified gas, and synthetic gas m ade from  naptha is  expected to hold natu ra l
O Q










la rg e  volume industria l u s e r s . R obert Garfoot, M anager for M arket Planning, 
N orthern N atural Gas Company, has been quoted as saying:
Gas p rices  have been held so low by regulations that gas has gotten 
into som e m arkets  it should never have en tered . In the fu ture, le s s  gas 
w ill be available fo r la rge  volume industria l u se rs .
The company has estab lished  a policy of adding additional capacity 
to the prem ium  m a rk e t--re s id e n tia l and sm all volume com m ercial and 
industria l u sers--w h o  have a maximum gas usage of le s s  than 200,000 
cubic feet a day.
To hold the annual volume re la tiv e ly  constant, w e l l  se ll prem ium  
m ark e t serv ice  only in the w inter months so it can 't be used for in fe rio r 
pu rposes, and w e 'll cu rta il our sum m er sa les  to low-end u se rs  by an 
amount equal to the growth in the prem ium  m ark e t. ^9
The choice for la rg e  u s e rs , the re fo re , m ay again be confined to 
e le c tr ic ity  and coal as in dustria l power so u rc e s .
R esidential use of na tu ra l gas has also  been threatened  as of the 
com pletion of this pap er. P resen t custom ers seem  assu red  of an adequate 
supply within die fo reseeab le  fu tu re , but sev e ra l gas u tilities  have ceased 
talcing on new custom ers until th e ir pipeline supp liers can a ssu re  them  of 
adequate in c reases  in natu ral gas su pp ly .^0
These developm ents w ill all tend to in c rease  the future p rice  of energy. 
A ccording to the National Petroleum  Council, the United States consum er m ay 
face m assive  p rice  in c rease s  of all sou rces of energy by 1985, am ounting to 
in c rease s  of 80-250 per cent in die p rice  of na tu ra l gas, 60-125 p er cent 
in c reases  in the p rice  of o il, 30 p er cent in c reases  in the p rice  of coal, and
2Q̂Robert Hagen, "W arm er W eather Could Ease R egion's Problem , " 
M inneapolis "  'bune, January 14, 1973, p. 17A.
^ J a n ie s  H. W right, "The Future of E lec tric  E n e rg y ,"  Public U tilities 
Fortn ightly , XC, No. 13 (December 21, 1972), 16.
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a 30 per cent increase in the price of uranium.Elec tr ic i ty  would therefore 
seem to be in a relatively favorable price position for the foreseeable future.
An Evaluation of the Elasticity of Demand for Electricity
As previously mentioned, a major concern of this paper is to evaluate 
the use of inverted rate structures. The underlying assumption on which the 
proposal to invert electric rate structures is based is that the demand for 
electricity is sufficiently elastic to respond noticeably to the price charged 
per kilowatt-hour.
Several basic factors affect the elasticity of any product or service. 
These include:
(1) The cost in relation to the total family or business budget. As 
the relative cost rises, elasticity should also increase.
(2) The availability and price of substitutes.
(3) The degree of necessity attached to the service or product.
(4) The extent to which the customer realizes how much he is paying 
for a product or service and whether he consciously relates 
these factors to other factors of choice.
Q I
Gil Bailey, "Energy Crisis Aspects Economic, Social, Political," 
Grand Forks Herald, March 6, 1973, p. 3.
Garfield and Lovejoy, Public Utility Economics, p. 21.’
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(5) The length of tim e a p rice  fo r a product o r se rv ice  has been in 
e ffe c t.33
The demand for e lec tric ity  is a derived  dem and. E lec tric  light, pow er, 
and heat a re  purchased because of th e ir  use in the production of o ther goods
OA
and serv ices  which a re  in dem and. The demand fo r e lec tric ity  is e lastic  
for som e uses and not for o th e rs . This is a consequence of the d iv e rse  uses 
m ade of e lec tr ic ity , the re la tiv e  s izes of d iffering  c lasses  of cu sto m ers , the 
tim ing of th e ir  dem ands, and the possib le availab ility  of substitu tes in some 
c a s e s .33
E lastic ity  of Industria l Uses of E lec tric ity
The cost of purchased  e lec tric  power per do llar volume of product 
shipped, as shown in Table 7, page 32, indicated the sm all re la tiv e  magnitude 
of e lec tric ity  purchases by industry . Substitution, which consists  of self- 
generation o r changing fuels of individual equipm ent, is possib le  but has been 
called unlikely by Baxter and R ees in a study of B ritish industria l demand for 
e lec tric ity . Thc_ sta ted , "It w ill not often be possib le to substitu te  among 
fuels without also changing the type of plant and m achinery  used, so tha t, o ther 
things being equal, changes in re la tiv e  fuel costs  may have little  effect on the
OO
State of New York, "The Inverted Rate S tructu re--A n  A ppraisal,
P art I--R esiden tia l U sag e ,"  pp. 11-12.
34J G laese r, Outlines of Public U tility E conom ics, p. 619.
^ G a rf ie ld  and Lovejoy, Public U tility Econom ics, p. 21.
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re la tiv e  costs of producing from  d ifferen t equipm ent. M oreover, as 
m entioned previously , gas and oil m ay not be available to la rg e  industria l 
u se rs  as a substitu te  fuel in the fu tu re.
Motive power is a n ecessity  in industria l plants and would tend, 
th e re fo re , to m ake the use of energy in e la stic . Many industria l and com m ercial 
consum ers of e lec tric ity , by v irtue  of employing cost accounting, a re  aw are 
of how much they a re  paying for e lec tr ic ity  for various levels and types of 
u se s . This knowledge of energy costs would tend to make industria l use of 
e lec tr ic ity  m ore e las tic  in response  to p rice  than re s id en tia l use since such 
aw areness of cost does not ex ist among re s id en tia l cu sto m ers . However, 
studies of e las tic ity  among industria l u se rs  of e lec tric ity  by F ish er and Kaysen 
and Baxter and Rees found that the industria l demand for e lec tr ic ity  was ine lastic  
with re sp e c t to p ric e . ^  The F ish e r and Kaysen study noted that the only 
situations in which p rice  e las tic ity  possib ly  ex isted  w ere in a few e le c tr ic ity ­
intensive in d u strie s .
q  f.
°Baxter and R ees, "Analysis of the Industrial Demand for E lec tric ity , "
p. 294.
Q7
F ish e r and Kaysen, A Study in E conom etrics: The Demand for 
E lec tric ity  in the United S ta te s , p. 137; and Baxter and R ees, "A nalysis of the 
Industria l Demand for E le c tr ic ity ,"  p. 289.
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E lastic ity  of R esidential Demand fo r E lec tric ity
R esidential expenditures for e lec tric ity  increased  from  $2,138 m illion
38in 1950 to $8,904 m illion in 1969. As a proportion of total expenditure, 
how ever, expenditures on e lec tric ity  rem ained  fa irly  constant, a t about 1.1 per 
cent of to tal expenditures in 1950 and hovering near 1 .5  per cent during the 
1960's. On the subject of proportion of expenditures spent on e lec tric ity , 
a study of inverted  ra te s  by the New York Public Service Com m ission stated:
The sm all proportion of expenditures which goes for the purchase 
of e lec tric ity  d ram atizes  a t once that only substantial ra te  in c reases  
(say a doubling of ra te s )  could even begin to touch the res id en tia l 
custom er in his total usage of p o w e r .^
Although fuel substitution is possib le  for a ir  conditioning, w ater heating, 
cooking, and space heating, F ish e r and Kaysen found that the p rice  of 
e lec tric ity  had no effect on the demand for res id en tia l e lec tric ity  except for 
uses assoc iated  with cooking and w ater heating in a re as  w here n a tu ra l gas 
com petition a b o u n d ed .^  The econom etric study by John W ilson, re fe rre d  to 
on page 42, found som e p rice  e las tic ity  of demand and attribu ted  that e las tic ity  
to the p rice  and availab ility  of na tu ra l g a s . This study also  determ ined that
9 0
State of New York, "The Inverted Rate S tru c tu re--A n  A ppraisal,
P art I--R esid en tia l U sa g e ,” p. 12.
°^ Ibid. , pp. 12-13.
40TU. ,Ib id .
■ ^Fisher and Kaysen, A Study in Econom etrics: The Demand for 
E lec tric ity  in the United S ta te s , p. 5.
W ilson, R esidential Demand for E lec tric ity , " p. 19.42
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uses associated  with a ir  conditioning w ere ine lastic  even in a re a s  w here natu ra l 
gas was availab le.
The New York Public Service Com m ission study of inverted ra te s  found 
that little  im pact on to ta l energy consumption could be expected in the sh o rt run 
from  ra th e r costly  conversions ::f space o r w ater heating system s from  e lec tric  
to gas o r vice v e rsa  as the investm ent in the cu rre n t system s w ere sunk c o s ts . 
The study fu rth e r stated:
The homeowner can be expected to r e s is t  making new outlays for 
conversion o r a lte rn a te  sy stem s. Conversions of heating plants that have 
taken place h is to rica lly  reflec ted  m ajor fac to rs  other than p rice --m u ch  
g re a te r  convenience in usage, m aintenance, and elim ination of nu isances. 
For the consum er to r isk  converting his equipm ent on the basis  of fuel 
costs  alone would req u ire  him to make ra th e r  confident estim ates  that 
future p rice  re la tionsh ips among fuel re so u rce s  would rem ain  as they 
a re  cu rren tly , despite the fact that he knows these have changed in the 
p ast. We certa in ly  cannot expect him to convert his m ajo r appliances 
for heating and cooling every  few y ears  as fuel p rice  re la tionsh ips change.
He can only be expected to rep lace  them  when these becom e old o r broken 
down. 43
A braham  G erber, Vice P residen t of National Economic R esearch  
A sso c ia tes , I n c . , also  com m ented on possib le changes to o ther energy 
so u rces:
Even for those re s id en tia l uses of e lec tric ity  having feasib le 
su bstitu tes , the co nsum er's  sensitiv ity  to changes in ra te s  in m ost 
instances will depend m ost im portan tly  on the re la tionsh ip  between the 
in itial costs  of the various types of available appliances, and only 
secondarily  on a com parison of operating  c o s ts . Usually th e re  is no 
re a lis t ic  choice between using and not using the appliance at a ll. The 
m ost obvious exam ples a re  space and w ater heating. An in c rease  in the 
p rice  of e lec tric ity , assum ing the p rice  of a lte rnative  fuels rem ains
AO
State of New York, "The Inverted  Rate S tructu re--A n  A ppraisal, 
P art I--R esid en tia l Usage, " pp. 14-15.
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unchanged, might well affect the choice among heating system s. However, 
it  would not re su lt  in a decision to do without any space and w ater heating. ^
Bills for e lec tr ic  se rv ice  contain figures on total kilow att-hour usage 
and the b illing  for a given p e rio d . No attem pt is made to account for kWh 
usage by specific appliances o r  fix tu res on the b ill. The custom er, th e re fo re , 
knows only the amount of his to tal b ill. He has no breakdown by specific uses 
fo r which th e re  a re  substitu tes against those which have none. Indeed, it would 
be v irtu a lly  im possible for the u tility  to provide such inform ation as the sam e 
e lec tr ic  recep tac le  into which a floor lam p, with no re a lis t ic  substitu te , had 
been plugged y este rday  could today contain the plug of a room  a ir  conditioner 
which has a gas substitu te . "Rule of Thumb" ca rd s , usually  containing the 
average operating cost per hour of each m ajor appliance, have been d istribu ted  
by som e e lec tric  u tilitie s . These cards a re  probably not in wide d istribu tion , 
how ever, and a re  not very  specific . The absence of inform ation on cost of 
individual uses would tend to c rea te  ine lastic ity  in the demand for res id en tia l 
uses of e lec tric ity .
The income e las tic ity  of e lec tric  consum ption has been studied by 
sev era l eco n o m ists . All have found definite signs of income e las tic ity  of 
dem and. F ish e r and Kaysen studied both p rice  and income e las tic ity  during 
the period 1934-1957. T heir findings indicated that income e las tic ity  increased  
and price  e la s tic ity  decreased  over that period of tim e. They fu rth er predicted
"^G erber, "Energy Growth and the Environm ent, " p. 72.
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that such a trend would continue.^ The New York Public Service Commission
study of inverted rates noted that a direct relationship between income level
and appliance ownership, and therefore consumption, was usually recognized
by market researchers. It further noted that the ability to incur the capital
expenditure for appliances appeared to outweigh greatly the cost of energy to
operate the appliance.^ On a world-wide basis, Darmstadter found a:
. . . generally close cross-sectional relationship between a country's 
per capita GNP and per capita energy consumption. Any graphic 
representation of such data invariably shows a close fit to the left-to- 
right, upward-sloping regression line and is associated with a high 
(nearly 0.9) and significant correlation coefficient.^
If, as has been predicted by McLean and Garfoot, oil and natural gas
will be in increasingly short supply in the 1970's and 1980's; electricity should
48exhibit increasing inelasticity of demand with respect to price. Fewer 
people will be able to switch to a substitute form of energy.
Summary
This chapter related the growth trends and changes in relative 
consumption of the major sources of energy from 1920 to 1972. Electricity
45Fisher and Kay sen, A Study in Econometrics: The Demand for 
Electricity in the United States, pp. 10-60.
°State of New York, "The Inverted Rate Structure--An Appraisal,
Part I--Residential Usage, " pp. 22-23.
>
^Darmstadter, "Energy Consumption: Trends and Patterns, " p. 184. 
48McLean, "Energy & America, Understanding the Problems, Looking 
for Answers," p. 9; and Hagen, "Warmer Weather Could Ease Region's 
Problem, "p. 17A.
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has assum ed an in creasing  sh are  of the to tal energy re so u rce s  during that tim e. 
The average cost per kWh of e lec tric ity  consum ed decreased  from  before 1955 
to 1970, when this trend  was re v e rse d . Consumption trends by re s id en tia l, 
com m ercial, in d u stria l, and other c la sses  w ere d iscussed , as w ere some 
pro jections of specific consumption in c reases  due to various uses and 
appliances. Competition in the energy supply industry  was described , showing 
possib le a re a s  of com petition and enum erating specific uses for which the 
m em bers of the energy industry  had h is to rica lly  com peted. The p resen t 
and possib le future position of the com petitors with re sp ec t to adequacy of 
supply was d iscussed .
The chap ter concluded with a section which re la ted  fac to rs found to 
have influenced e la s tic ity  of demand fo r products and se rv ice s . The m anner 
in which the p rice  e las tic ity  of e lec tric ity  would be influenced by those fac to rs
both in the re s id en tia l and industria l sec to r was noted.
CHAPTER IV
ATTEMPTS AT DEMAND MANIPULATION THROUGH PRICE 
TARIFF STRUCTURES AND CONTROLS
Exam ples of T ariffs  Used to Influence Demand Tim ing 
Several countries have made an attem pt to influence the tim ing of the 
demand fo r e lec tr ic ity  by adjusting the ta riffs  of th e ir  nationalized u ti l i t ie s .
The adjusted ta riffs  have been used in an attem pt to c losely  re fle c t the cost 
of the production of e lec tr ic ity  and d iscourage consum ption during certa in  
tim es of the day and y e a r . Although the effo rt to influence demand has received  
attention in sev era l business and economic jo u rn a ls , de tails  on the specific 
re su lts  achieved in these tr ia ls  w ere not available a t the tim e (1973) of 
com pletion of th is paper. Short sum m aries  of sev e ra l of the situations 
involving attem pts to d iscourage demand a re  p resen ted  below for illu s tra tio n .
In G reat B ritain, a  seasonal ta r if f  was in itiated  in 1948. Called the 
"Clow D ifferen tia l, " it was designed to reduce a growing w inter peak 
consum ption by an addition of 0*35 d (0.7 cents) p e r k ilow att-hour on energy 
charges for tw o-part ta r if f  custom ers during three w inter m onths, com pensated 
by a reduction of 0* 1 d (0.2 cents) curing the rem ain ing  nine months of the 
y e a r . The re su lts  of the ta riff  w ere d iscouraging, and it was abandoned a fte r
52
53
only one w in te r. It appeared  that peak loads w ere not affected but that off-peak 
consum ption had been adverse ly  affected. ^
By the middle 1960's, many e lec tr ic  space h ea te rs  had been substituted 
for o lder coal-burn ing  h ea te rs  in G reat B ritain, thus seriously  stra in ing  
generating  capacity  a t ce rta in  tim es on cold days. Consequently, another 
experim ent was employed s ta r tin g  during the w inter of 1966-67. Three 
sep ara te  ta riffs  w ere made available to a maxim um  of 840 custom ers each.
As an incentive for adoption, custom ers w ere given a sm all in itia l paym ent.
A descrip tion  of the available ra te s  is  as follows:
(1) Subscribed Load Rate: As long as the subscribed instantaneous 
use was not exceeded, a c e rta in  ra te  was charged . A separa te  
m e te r dial reco rded  any use in g re a te r  than subscribed  
quan tities. A monthly se rv ice  charge accom panied the situation 
in which the overload dial could be autom atically  disconnected 
during night h o u rs .
(2) Seasonal T ariff: This ta r if f  featured  a high kilow att-hour ra te  
fo r the th ree  w inter months and a low ra te  fo r o ther m onths.
The m ete r was autom atically  switched from  a h igh -ra te  d ial to
a lo w -ra te  dial on a certa in  da te . Off-peak daily  switching with a 
se rv ice  charge as above was availab le .
^Houthakker, "E lec tric ity  T ariffs  in Theory and P rac tice , " pp. 5 and
21.
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(3) Seasonal T im e-of-day  T ariff: This ta r if f  contained a high 
kilow att-hour ra te  for the peak hours on w inter weekdays, a 
low night ra te , and an in term edia te  ra te  for the rem aining 
p e rio d s . The use was reco rded  on th ree  d ials controlled by 
a tim e sw itch.
No firm  conclusions w ere expected before 1 9 7 2 . ^ None had appeared in 
any m ajor B ritish  economic journal by ea rly  1973.
In F rance about one-half of a ll e lec tric ity  is generated  in h y d ro -e lec tric  
p lan ts. T ransm ission  d istances a re  long, and therefo re  the cost of tran sm issio n  
is  high. W ater is much m ore plentiful during ce rta in  seasons. The French  
have, th e re fo re , developed seasonal and regional ta riffs  based on tran sm issio n
O
distance . The m ost widely d iscussed  is  the "T ariff V e rt” o r "G reen T ariff"  
institu ted  in 1956, which is available to la rg e , high voltage, industria l and 
w holesale cu sto m ers . Consumption during six  w inter months is billed a t th ree  
ra te s  based upon th ree  daily  tim e p e rio d s . Sum m er consumption is segregated  
into two sep ara te  tim e periods with d iffering r a t e s . A study of F rench  power 
costs  using th is ta r if f  found that these costs  exceed A m erican costs  for like 
on-peak use by only about 9 p e r c en t.^  The sam e study indicated that F rench
9
Ralph Turvey, "Peak Load Pricing , " Journal of Political Econom y, 
LXXVI, No. 1 (January-F ebruary , 1968), 111-12.
3Ib id . ,  pp. 107-08.
^E li W. C lem ens, "M arginal Cost Pricing: A Com parison of French 
and A m erican Industria l Power R ates, " Land E conom ics, XL, No. 4 
(November, 1964), 391-94.
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customers with large amounts of off-peak use were billed an equivalent of only 
14 per cent less than similar American users.
French residential customers are given the opportunity to choose one of 
three available tariffs. Tariff distinctions are based upon the magnitude of the 
instantaneous demand subscribed. If the selected instantaneous use is 
exceeded, a circuit breaker interrupts all electric service to the customer.
In order to reestablish supply, the user must disconnect the offending extra 
appliance and reset his circuit breaker. The French have evidently had such 
cut-off provisions in electric rates for many years and have become acclimated 
to the occasional interruption. ^
In spite of the fact that French residential electric tariffs feature rate 
increases designed to inhibit use at certain times, the total growth in use of 
electricity has closely paralleled that in the United States. From 1965 to 1967, 
French kilowatt-hours per capita were growing at a slightly slower rate than in 
the United States. From 1967 to 1969, however, the French kilowatt-hours 
per capita increased 16.8 per cent, while the increase was 15.8 per cent in 
the United States.
Scandinavian customers are also served from subscribed tariffs 
containing high demand rates but low energy rates, reflecting the fact that 
most of their electricity is hydro-generated. The demand charge assumes the
t
function of a minimum charge. Any instantaneous use in excess of the demand 
subscribed is charged at a higher rate. It has been reported that Scandinavian■v
" *
^Turvey, "Peak Load Pricing, " p. 110.‘
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custom ers have a higher "load fac to r"  than do e ith e r A m erican or o ther 
European re s id en tia l co n su m ers .^  Load factor is a m easu re  of the amount 
of off-peak use com pared to to tal kilow att-hour u se . A light bulb energized 
continuously would have a 100 p e r cent load fac to r.
Several United States u tilities  have used sum m er-w in te r d ifferen tia ls  
in ra te s  designed to re fle c t the in c reased  cost of serv ing  the peak demands 
o ccu rring  in the su m m er. As these d ifferen tia ls  m ust be justified  on the 
basis  of cost d ifferen tia ls , the sum m er ra te s , although h igher, a re  not twice 
the w inter r a te s .
N on-T ariff Demand M anipulation
In the European countries previously  m entioned, the demand for space
7heating has c rea ted  the p e ak s . A g re a t deal of planning and prom otion has 
gone into an effo rt to redesign  heating appliances and educate the public to th e ir  
u se . E lec tric  h ea te rs  have been developed which contain sm alle r heating 
capacity  than norm al A m erican space h e a te rs . The idea is  to force the heate r 
to operate  on a nearly  continuous b a s is . W henever possib le , appliances a re  
designed to contain s to rage fea tu re s . Although the above p rog ram s have 
received  wide attention in European jo u rn a ls , specific data on te s t-c a se  
demand com parisons a re  not provided.
6Ib id ., pp. 109-10.
n
Houthakker, "E lec tric ity  T ariffs  in Theory and P rac tice , " p. 21.
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A 1972 study indicated that a close relationship had existed over at 
least the previous ten years between useful energy consumed per capita and
O
GNP per capita in both the United States and Western Europe. This appeared 
to indicate that, although demand timing might have been affected slightly, 
total kilowatt-hour consumption had not been greatly affected by differences 
in tariff systems between countries.
Since the 1960's, the peak demand on virtually all United States electric 
utility systems has been occurring during the afternoons of very hot summer 
days. This peak has been attributed to the widespread use of air conditioning 
by all classes of customers. Air conditioning has been used to remove not 
only the heat absorbed into buildings from outside but also the interior heat 
gains from lighting, cooking, and electric machinery. This latter type of heat 
gain is concurrent with the power use required to remove it. It is, therefore, 
virtually impossible to stagger these demands without causing discomfort to the 
occupants of the building. Machines designed to cool the large quantities of air 
involved do not readily lend themselves to storage characteristics. American 
electric utilities began a campaign to encourage manufacturers to build 
efficient air conditioning equipment in the early 1970's. Consumers were 
urged to check the comparative input against cooling output in order to save on 
their electric bills.
O
L. G. Brookes, "More on the Output Elasticity of Energy 




An Illustra tion  of the Effect of A scending-Price T ariffs  
on Actual E lec tric  Bills
C urren t national data indicating a d istribu tion  of average custom ers by- 
annual consum ption is unavailab le .^  A study of inverted ra te s  by the New York 
Public Service Com m ission contained som e estim ated  c lass  d istribu tion  data 
from  Consolidated Edison Company in New York City. This c lass  d istribu tion  
is  used to illu s tra te  the effect of decreasin g  the ea rly  steps of a ta r if f  while 
in creasing  the p rice  of the end step  which affects only la rg e r  u se rs  on 
ascending-price  ta r if fs .
F or purposes of illu s tra tio n , the net b ill of those 15 per cent of total 
re s id en tia l custom ers who use the le a s t power is decreased  approxim ately 
25 per cent. Under the assum ption tha t the utility  should ne ither be penalized 
nor receive windfall p ro fits , the total revenue per thousand custom ers will 
rem ain  constant. Revenue to the utility  is held constant by determ ining  the 
revenue per thousand custom ers under the p resen t ra te  s tru c tu re  and closely  
approxim ating the sam e revenue per thousand res id en tia l custom ers under a 
new ra te  s tru c tu re . It is then possib le to calculate the e lec tr ic  bill of an 
average high-use custom er in the Consolidated Edison system  and note the 
in c rease  in his bill due to such m anipulation.
% ta te  of New York, "The Inverted Rate S tructu re--A n  A ppraisal,
P art I--R esid en tia l U sage, " p. 37.
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The comparison is made in two tables. In Table 10 is indicated the 
present distribution of bills. The results of manipulation are shown in 
Table 11.
An analysis of the data contained in Tables 10 and 11 indicates that if 
the final step of Tariff SC 1 was arbitrarily raised to a unit cost of 9.5 cents, 
the total bill of the.high user averaging 634 kilowatt-hours per month would 
approximately double from $18.76 to $37.43. It has been speculated that 
such an increase could possibly begin to have an effect on residential use by 
those customers. If such a step rate increase were to be put into effect, 
however, it would raise $12,726.20 in the end step alone per 1,000 customers. 
In order that the utility involved avoid windfall profits, it would have to refund 
all bills paid by approximately two-thirds of its residential customers. Such 
a situation would appear to be unwise in view of the fact that studies have shown 
that customer costs are not being recovered in early steps under the present 
tariff systems.
Summary
Several countries have instituted tariffs designed to discourage use at 
certain periods of the day or year. Little data on the results of such revised 
tariffs on peak demands has been published in major journals. Interrupting
---------------------------------------------------------------------------------------------  I
10Ibid., p. 13.
^Edwin Fleischmann, "The Customer Component of Utility Costs," 
Public Utilities Fortnightly, LXXXIX, No. 5 (March 2, 1972), 26-34; and 
Irwin M. Stelzer, "Marketing, Environment and Rates," Public Utilities 
Fortnightly, XCI, No. 3 (February 1, 1973), 29-30.
r
TABLE 10
ESTIMATED CLASS DISTRIBUTION OF RESIDENTIAL CUSTOMERS AND RESIDENTIAL REVENUE
BY MONTHLY KILOWATT-HOURS CONSUMED 
(Consolidated Edison Company, 1968)*
■ S  u e
TAB LE 10 - - Co ntinued
T ariff S C I  (Residential)
/







Per Cent of 
Total Con. Ed. 
Custom er in 
C lass
D ollars in 
C lass per 
1,000 
Custom erskWh Use Rate
Revenue 
in Block Revenue kWh
Next 420 kWh 2.30^ $9.66 $22.12 780
TOTAL $11,739.79
* C lass divisions provided to New York D epartm ent of Public Service by Consolidated Edison Company.
Source: State of New York, "The Inverted Rate S tructure--A n A ppraisal, Part I--R esiden tial U sage," 
p. 38a.
TABLE 11


















in Block Revenue kWh
First 10 or less $1.00 $1.00 $1.00 10
45 $1.81 1.2 $ 21.72
Next 50 kWh 2.300 1.15 2.15 60 -  ------------------- --- — . . . -------------.... .
each 73 2.45 2.0 49.00
88 2.79 2.4 66.96
115 3.42 7.5 256.50
Next 60 kWh 2.300 1.38 3.53 120
• 142 4.04 8.8 355.52
• 188 5.09 14.1 717.69
234 6.15 11.2 688.80
Next 120 kWh 2.900 3.48 7.01 240
292 9.19 16.8 1,543.92
SUB-TOTAL $3,700.11*
TABLE 11--Continued














in Block Revenue kWh
Customers 
in Class
Next 394 kWh 4.200 $23.56 634 634
^Therefore, $8,039 ($11,739 - 3,700) must be recovered in the last use class. In order to recover this 
amount with an average use of 634 kWh as shown in Table 10, a trial and error price-per-kWh fitting indicated that 
a final step cost of 4.200 per kWh, or an increase in the final step of 82.6 per cent (4.20/2.30), the revenue in this 
particular class would be $8,010.40. The effect on a large user is measured by dividing his bill under the 
experimental rate. At a use of 634 kWh, the bill under the experimental rate would be $23.56. The large average 
user would experience a bill increased by 25.6 per cent.
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devices such as circuit breakers have been used in some instances to prevent 
the subscribed maximum demand from being exceeded. Analysis of both 
Western European and American growth in electric consumption suggests that 
total growth in residential consumption has not been affected by the structures 
of tariffs used.
Manipulation of tariffs employing average large users of residential 
electricity in New York City indicated that unless the changes in individual 
rate steps were much more radical than those which have been proposed by 
the advocates of inverted rates, the monthly bill to the average large user 







This thesis has represented an attempt to evaluate the effects which 
wouid result from the inversion of electric power tariff structures. Proponents 
of such inversion advocate either to slow greatly or to stop the increased use 
of electricity by "frivolous" luxury items. They consider such use a threat to 
the environment.
Characteristics of Public Utility Marketing
Public utilities operate as monopolies. Regulation by governmental 
bodies has been accepted as a substitute for competition. Monopoly status has 
been allowed and encouraged because public utilities supply services 
indispensible to modern living and operate with greater economy and efficiency 
when they monopolize a market.
A public utility's rights and duties have been defined in a long series of 
laws and court decisions. The rights include: (1) a grant by public authority of v 
a franchise to serve a specific area free from competition from another seller 
of the same service; (2) the power to charge reasonable rates; (3) a limited 





The duties include: (1) supplying all reasonable demands for service 
by those who can pay for it; (2) providing service adequate to the needs of 
customers; (3) pricing such service at reasonable rates and without unjust 
discrimination; (4) prohibiting changes in utility service or expansion into a 
new market without prior finding by a regulatory agency that such is in the 
public interest; (5).exercising care to protect the safety of the public;
(6) securing of approval from public authority before the termination of a 
type of service or the abandonment of a market.
Utility tariffs, or "rates" as they are known in the electric power 
industry, must be just and reasonable. Rate relationships are based upon 
both the cost and value of service.
The demand for electric service fluctuates sharply according to daily, 
weekly, and seasonal patterns. As electricity cannot be stored, the utility 
must stand ready to meet any demand placed on it. The equipment of the 
utility is sized to meet that demand.
The cost of providing electric service has been divided into energy 
costs, demand or capacity costs, customer costs, and residual costs. 
Electric tariffs have been designed so that the initial step attempts to recover 
the customer costs. Energy costs are normally recovered last. Demand and 
residual costs are usually recovered in the first few steps.
I
Several tariff forms are found in electric utility marketing, including 
straight line meter rates, flat rates, block meter rates, step meter rates,
Hopkinson demand rates, and Wright demand rates. Individual tariffs are
*1
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norm ally  com plex. Often a single u tility  w ill offer severa l d ifferent types of 
ta riffs  to custom ers depending on th e ir location, c lass  of use, type of 
equipm ent used, and amount of m onthly use. The custom er typically thinks 
not in te rm s of cents per kilow att-hour but in te rm s of the do llar amount of 
his e lec tr ic  bill paid each month. The u se r in unaw are how his e lec tr ic  b ill 
b reaks down by cost elem ents such as lighting, space conditioning, 
re fr ig e ra tio n , o r  cooking.
Until recen tly , many u tilities  pursued advertising  cam paigns based 
upon illu s tra tin g  the inexpensive nature of th e ir se rv ice . A recen t survey 
by one la rg e  e lec tric  u tility  indicated that 62 per cent of those rep ly ing  felt 
that the p rice s  charged by the u tility  w ere fa ir .
U tility firm s employ d ifferen tia l p ric ing , estab lish ing  re la tive ly
homogeneous custom er c la sse s  and applying a d ifferen t ra te  schedule to each 
\
c la s s . U sers  within a given custom er c lass  m ust have the sam e ra te  schedule 
available to them . Common c la ss  groups a re  re s id en tia l, com m ercial, 
in d u stria l, ru ra l  o r fa rm , s tre e t  lighting, and o ther u ses . This system  of 
d ifferen tia l p ric ing  has been justified  on the basis  that demand d ifferences, 
se rv ice  d ifferences, and cost d ifferences ex ist among groups of cu sto m ers . 
Value d ifferences a lso  ex ist. Some uses of e lec tr ic  se rv ice  have b e tte r 
substitu tes than o th e rs . The unit cost of serv ing  sm a lle r custom ers is 
norm ally  higher than that of serv ing  la rg e r  u se rs  o f e lec tric ity .
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Rate Inversion and the Demand for E lec tric ity
The demand for e lec tric ity  is a segm ent of the demand for energy of all 
types. Growth in the demand for energy has been closely  re la ted  to economic 
growth in genera l. Coal was the dom inant source of energy well into the 
1920's and re ta ined  a g re a te r  than 50 per cent share  of energy consumption 
until well a fte r World War II. Since 1950, na tu ra l gas has made rap id  gains 
a t the expense of coal, m ainly in the a re a  of household and com m ercial 
consum ption. Total annual sa les  of e lec tr ic ity  have been roughly doubling 
every  ten y ears  since the 1920's. Sales to res id en tia l custom ers have been 
in creasing  a t the sam e ra te  as to tal sa les  over the la s t  fifteen y e a r s . The 
com m ercial sec to r has assum ed a slightly  la rg e r  sh are  at the re la tiv e  expense 
of the in d u stria l sec to r.
Unit p rices  of e lec tr ic ity  experienced a declining trend until 1970. In
\
the la te  1960’s , e lec tric  u tilities  began asking for general ra te  in c re a se s , 
which caused the re v e rsa l of th is trend .
The in c reased  industria l use of e lec tr ic ity  has c losely  para lle led  the 
growth of technology and of the economy. For m ost industria l firm s the cost 
of e lec tric ity  accounts for only a sm all p a rt of the total value of the product 
they p roduce .
R esidential consumption of e lec tr ic ity , as noted previously , has been 
doubling every  ten y e a rs . A verage United States fam ilies spend le ss  than 2 per 
cent of fam ily income a fte r  taxes on e lec tric ity . The annual kilow att-hour 
consumption of m inor appliances is very  sm all in re la tion  to that of m ajor
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appliances such as ranges, air conditioners, water heaters, refrigerators, 
and television sets. Eight major uses of electricity in the home, including 
those mentioned above, accounted for 90 per cent of household consumption 
in 1960. Between 1960 and 1969, roughly 16 per cent of the incremental 
growth in residential electric consumption was due to air conditioning.
Another 12 per cent of that incremental growth was due to the installation 
of electric heat, mainly in new homes.
Several types of competition exist in the energy industry. The most 
common type of competition involves the substitution of another source of 
energy for electricity i Self generation and relocation to an area having 
lower power costs are also possible in many cases. Consumers have limited 
amounts of money to spend. Electricity competes against many other possible 
uses for this money.
Residential energy competition is centered on the new home market.
A number of decisions as to the type of energy to' be employed in most major
appliances are made at the time a house is built. The average life of a major
appliance is eight to twelve years, and the homeowner is unlikely to switch
from one energy source to another before the appliance wears out. The choice
of energy to be used is often made not by the homeowner or renter but by the
builder, who is less concerned with operating cost than with installed cost.♦
Several studies of the demand for electricity have noted possible long- 
range price elasticity due to the availability of oil and natural gas as substitute 
fuels for electricity. Reserve supplies of both oil and natural gas have been
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decreasing during the 1970's. Prices of all energy sources, especially natural 
gas and oil, are predicted to increase greatly. Natural gas may not be 
available at any price to certain users. The possibility of competitive fuel 
substitution for electricity has therefore decreased.
Proponents of inverted rates assume that the demand for electricity is 
sufficiently elastic, to respond noticeably to the price charged per kilowatt- 
hour. Factors which affect the elasticity of any product include: (1) the 
product’s cost in relation to the total family or business budget; (2) the 
availability of substitutes; (3) the degree of necessity attached to the product;
(4) the extent to which the customer realizes how much he is paying for a given 
product or service; (5) the length of time a given price has been in effect.
Electricity has many uses, some of which have better substitutes than 
others. Some uses are more necessary than others. The amount spent on 
electricity by both residential and industrial users compared to their total budget 
is small. Consumers of electricity normally do not know how much is spent on 
electricity for each individual application, thinking instead in terms of total 
monthly cost of electric power per customer.
Holding various factors constant, income elasticity was found to have 
increased between 1934 and 1957, whereas price elasticity decreased over the A 
same period. The ability to incur the capital expenditures for appliances and 
other electricity-using equipment has appeared to greatly outweigh the cost of 
energy to operate the appliance. Per capita energy consumption has been shown 
to be closely correlated with a country’s per capita increase in GNP. If, as has
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been predicted, oil and natural gas will be in increasingly short supply during 
the 1970's and 1980's, the demand for electricity should become increasingly 
inelastic with respect to price during that period.
Demand Manipulation Through Tariffs and Controls
Several foreign countries have attempted to control the timing of peak 
demand for electricity through the use of tariffs. Several examples exist of 
tariffs being used in conjunction with interrupting devices to control demand. 
Little data are available on the results of those experiments. In European 
countries, the peaks have been caused by the increased use of space heating. 
Space heaters with lower wattages and storage features are being promoted in 
these countries. The total historical growth in kilowatt-hour usage per customer 
does not seem to have been greatly affected by these types of tariffs.
An analysis of the use of an inverted rate which employed the residential 
tariff and consumption data of customers in New York City indicated that 
decreasing the price of early steps and increasing the price of the end steps 
of the tariff would have comparatively little effect on the monthly bill of the 
average large user of residential electricity. The bill to the average large user 
would be greatly increased only if the price of the entire tariff structure was 
increased. If the price of the entire tariff was increased, however, the utility 




A basic  conclusion which may be drawn from  this study is that the 
demand fo r e lec tr ic ity  is  not sufficiently  e las tic  with re sp ec t to p rice  to 
respond appreciably  when an inverted  ra te  is applied. The reaso n s for this 
conclusion a re :
(1) The u se r of e lec tr ic ity  spends only a sm all portion of his 
available income on e lec tr ic ity .
(2) Demand has been found to be growing m ore p rice  ine lastic  
since 1934. Substitution of o ther fuels would appear to be the 
only possib le fac to r which could in c rease  e las tic ity . However, 
the energy sources which could substitu te  for m ajor uses of 
e lec tric ity  a re  in sh o rte r supply than is  e lec tric ity . They 
w ill, in fact, probably be unavailable to som e consum ers
\
through 1980 and beyond.
(3) Because of the shortages of substitu te  sou rces of energy, th e ir 
p rices  w ill probably in c rease  fa s te r  than the p rice  of e lec tric ity .
(4) Consum ers of e lec tr ic ity  do not think in te rm s  of cost per 
k ilow att-hour, but in te rm s  of do lla rs  spent on e lec tric ity  per 
m onth. They have little  knowledge about the unit o r monthly 
operating  cost of various uses of e lec tric ity . If the to ta l billing 
was a rtif ic ia lly  ra ised  to a level much higher than that justified  
by the to ta l cost of se rv ice  so as to d iscourage consumption of 
e lec tric ity , the u tility  would achieve windfall p ro fits . This
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a rtif ic ia l in c rease  would probably be challenged by consum er
advocates alleging unlawful d iscrim ination  against u se rs  of la rg e
amounts of re s id en tia l e lec tr ic ity ,
(5) The total level of revenue from  custom ers would be req u ired  to
rem ain  re la tiv e ly  constant a fte r  inversion  in o rd e r to m eet the
requ irem en t of "reasonable ra te  without unjust d iscrim ination"
which has becom e p a rt of a body of law regard ing  the obligations
of u tilit ie s . The upper lim it of the "zone of reasonab leness"
allowed as a re tu rn  on investm ent would norm ally  not exceed the
value of the se rv ice  to the custom er. Unless the p rice  exceeded
the value of the se rv ice  to the custom er, he would likely continue
to pay the p rice  aslced by the u tility .
Under the c ircum stances lis ted  above, the inversion  of e lec tr ic  ta riffs  
\
w ill probably have little  effect on the consum ption of e lec tric ity . Both suppliers 
and consum ers should look to o ther m eans of avoiding re so u rce  depletion and 
dam age to the environm ent.
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